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Objective:  We  aimed  to search  the  contribution  of  diffusion-weighted  imaging  (DWI)  in follow-up  of
patients  with  acute  appendicitis  associated  inﬂammatory  appendiceal  mass  (IAM).  DWI  was  used  as  a
monitoring  imaging  method  to assess  the response  of  medical  treatment.
Materials  and methods:  19  patients  (mean  age,  37+–13.1;  age  range,  19–69;  M/F:  10/9),  presented  with
clinical,  laboratory  and  computed  tomography  (CT)  ﬁndings  suggestive  of IAM  were  enrolled  prospec-
tively  in  this  study.  CT  and  DWI  images  were  evaluated  by  two  radiologists  in consensus.  b  values  0,  500
and  1000  s/mm2 were  used,  and  DWI  images  were  analysed  both  qualitatively  and  quantitatively.  Labo-
ratory  parameters  were  C-reactive  protein  value  and  white  blood  cell  count.  During  follow-up  changes
in the  diameter  of  IMA  and  laboratory  parameters  were  correlated  with  ADC  values.  Conservative  treat-
ment with  interval  appendectomy  and  a  total  conservative  approach  without  surgery  were  the  treatment
options  during  follow-up.
Results:  We  found  statistically  signiﬁcant  correlation  between  the  ADC  values, maximum  IAM  diame-
ter  and  laboratory  parameters.  During  follow-up  ﬁve  surgical  procedures  were  performed:  one patient
underwent  surgery  for cecal  adenocarcinoma  and  four underwent  interval  appendectomy.  One patient
developed  acute  relapse  of  IAM  at the  sixth  month  of  follow-up.
Conclusion:  DWI  may  be used  with  a  signiﬁcant  success  for  follow-up  of patients  with  IAM.  As a monitoring
imaging  method,  DWI  may  also  aid  in  determining  of  most  appropriate  timing  for interval  appendectomy
as  well  as  may  help  in  diagnosing  alternative  diagnoses  (e.g.  malignancy  and  inﬂammatory  bowel  disease)
that  can  mimic  IAM.
©  2016  The  Author(s).  Published  by  Elsevier  Ltd.  This  is  an open  access  article  under  the  CC  BY-NC-ND. Introduction
Acute appendicitis (AA) is a common surgical emergency.
rompt and early diagnosis is of crucial importance as delay in
he diagnosis may  give rise to several complications that may
ncrease morbidity and even, mortality. The prevalence of appen-
iceal perforation and subsequent development of an appendiceal
nﬂammatory mass (IAM) is reported to range from 2% to 10%
1]. The underlying pathophysiologic mechanism for the devel-
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opment of these masses was  proposed to be secondary to the
response of the patient’s inﬂammatory-immunological response
which, ﬁnally, aims to wall-off and limit the inﬂammatory process
[1]. The conventional treatment for uncomplicated AA in adults is
surgery (open or laparoscopic) with reported overall complication
rates of 11.1% and 8.7%, for open and laparoscopic appendectomy,
respectively [2]. The mortality is rare which is around 0.5% [3,4].
However, the management of IAM is less clear and several treat-
ments approaches have been proposed [5,6]. Immediate surgical
intervention, medical treatment followed by delayed or interval
appendectomy or conservative medical treatment without any sur-
gical intervention have all presented as different treatment options.
Conservative approach with or without interval appendectomy
has recently been advocated as an alternative approach to these
patients [2].
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Table 1
Patient characteristics at presentation (n = 19).
No Percentage (%)
Gender
Male 10 52,6
Female 9 47,4
Representation of patients
Generalized abdominal pain 4 21,1
Right lower quadrant pain 14 73,7
Generalized pelvic pain 1 5,3
Fever
+  6 31,6
–  13 68,4
Palpable Mass
+ 6 31,6
–  13 68,4
Appendicolith08 O. Özdemir et al. / European Journ
Pre-operative imaging is reported to decrease false-positive
ppendectomy rates and, therefore, imaging is being utilized more
nd more commonly in assessment for AA. Ultrasonography (US)
nd computed tomography (CT) are the workhorse imaging modal-
ties, with CT being more common for the primary evaluation of
hese patients [6–9]. Among these two modalities CT was reported
o be more sensitive than US not only in the primary diagnosis but
lso for the depiction of the potential complications [10,11]. Despite
hese advantages, CT use is limited in the pediatric age group and
he pregnant patients with US being more commonly employed
n these patients [12,13]. MRI, although not very commonly used
or this application, several authors reported the beneﬁts of the
se of rapid magnetic resonance imaging (MRI) techniques that are
articularly applicable in the emergency setting [14–17]. Diffusion-
eighted magnetic resonance imaging (DWI) of the abdomen and
elvis has been increasingly used since the 1990s with the intro-
uction of stronger diffusion gradients, faster imaging sequences,
nd improvements in the MRI  hardware [14,15]. Increased cellular-
ty (e.g. tumor, abscess, ﬁbrosis, and cytotoxic edema) and the loss
f cell membrane integrity restricts the diffusion and this feature
f diffusion may  be used in the evaluation of the solid and cystic
asses. DWI  can be performed in a very short time without any IV
se of contrast media allowing quick qualitative assessment. Quan-
itative assessment can also be done with the creation of apparent
iffusion coefﬁcient (ADC) maps from diffusion images obtained at
ifferent b values [17–19].
The main goal of this prospective study is to assess the role of
WI  to show the progress of inﬂammation of RLQ mass during
ollow-up and to show the alternative diagnoses such as cecal ade-
ocarcinoma and inﬂammatory bowel disease of patients, treated
on-surgically, with presumed IAM.
. Materials and methods
.1. Patient selection and inclusion criteria
For this prospectively designed study, from August 2014 to May
016, we scanned 141 patients with CT presenting to emergency
epartment (ED) with symptoms suggestive of acute appendicitis
AA). Among these patients, 19 of them (mean age, 37+–13.1; age
ange, 19–69; M/F: 10/9) manifested with CT ﬁndings suggestive
f IAM. All 19 patients were placed on medical treatment, based on
he decision of the attending surgeon in charge, with IV antibiotics
nd ﬂuid resuscitation and none of them underwent emergency
urgery. This study was approved by the medical ethics committee
f our university hospital. Written consent is regularly acquired,
fter a discussion with the patient regarding the potential bene-
ts and disadvantages of the procedure, and an additional written
onsent was also obtained before the MRI  in all 19 patients. For
ollow-up of these right lower quadrant (RLQ) masses only DWI
tudy was done with no IV contrast use. Age, gender, clinical charac-
eristics and laboratory ﬁndings of patients were noted. The patient
haracteristics at presentation are shown in Table 1. Control DWI
tudies were performed at second, third and eight week in the early
ollow-up period and after two months from the index study, they
ere called for a clinical visit and imaging every 3 months.
.2. Imaging protocols
In the 19 patients the DWI  studies were performed with a 1.5-
 MR  scanner (Magnetom® Aera; Siemens, Erlangen, Germany).
he protocol of the DWI  was as follows: axial diffusion-weighted
ingle-shot echoplanar sequence (EPI) with fat suppression, with-
ut breath holding (TR, 7500; TE 62–80 ms;  matrix, 192 × 192; slice
hickness, 5 mm;  gap, 6 mm;  FOV, 400 mm;  PAT factor 2; acquisi-+  5 26.3
–  14 73.7
tion time, 3 min; b values 0, 500, and 1000 s/mm2). The scanning
area was from the diaphragm to the pelvis, in the supine position.
2.3. Image analysis
Two experienced abdominal radiologists (10 and 5 years) inter-
preted the CT scans of all 141 patients. Initial and follow-up MRI
studies of 19 patients, who  were enrolled into this study, were also
assessed by the same radiologists. All interpretations were made
with consensus. The readers were both aware of the clinical and
laboratory ﬁndings.
The following CT parameters, at the time of initial presentation,
were noted in 19 patients with RLQ masses suggestive of IAM: the
diameter, the content of IAM, the presence of appendicolith, sur-
rounding fat stranding and presence of abdominal ﬂuid. CT ﬁndings
of IAM were generally a perforated Appendix surrounded by neigh-
boring intestinal structures and/or omentum or a complex mass
without a visible Appendix in RLQ.
On MRI, the signal intensity of RLQ masses were qualitatively
assessed in images acquired at b values of 0, 500 and 1000s/mm2.
ADC maps were also evaluated on all MRI  studies for quantitative
evaluation of diffusion restriction.
In all 19 patients, the initial CT and initial-follow-up DWI
datasets were evaluated on an independent workstation (Syngo.via,
Siemens) for CT postprocessing and ADC map analysis. CT images
were evaluated before the DWI  analysis. The initial CT scan parame-
ters, mentioned above, were recorded and then the corresponding
lesions were again evaluated, this time, on DWI  and ADC. In the
follow-up MRI  studies we mainly evaluated the size (by measuring
the longest diameter) and the evolution of the diffusion restriction
using ADC maps. ADC values were measured by placing a circular
region of interest (ROI) on the lesion. The size of ROI was kept as
large as possible covering the hypointense parts of the masses on
ADC maps. Same measurements were repeated on the follow-up
MRI  studies. For each follow-up MRI  scan, the readers were aware
of previous imaging ﬁndings as well as clinical and laboratory ﬁnd-
ings.
2.4. Clinical analysis, type of conservative therapy and surgical
options or other interventions in follow-up periodAt presentation, the presence of abdominal pain, fever, detec-
tion of a palpable RLQ mass, and levels of C-reactive protein (CRP)
and white blood cell (WBC) counts were noted. The same param-
eters were reassessed in the follow-up visits. During follow-up,
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aboratory tests were obtained as the same intervals of control
WI. All patients (n = 19) were hemodynamically stable and none
f them were critically ill at the time of the initial presentation and
 conservative therapy was concluded by the attending surgeon in
harge. All were initially hospitalized and intravenous (IV) ceftriax-
ne (1–2 g/day in single daily dose) combined with metronidazole
500 mg,  3 times per day) was started. The in-hospital IV antibi-
tic treatment was continued for 10 days for each patient. Patients
lder than 40 years also were planned to have a colonoscopy fourth
eek after the index episode to rule out an underlying malignancy.
.5. Statistical analysis
All the data were analyzed using the Statistical Package for the
ocial Sciences (SPSS 13.0 Statistical Software, SPSS Inc., Chicago,
L, USA). The medians and ranges of age, CRP, WBC  and ADC val-
es were calculated. The Kolmogorov–Smirnov test was used to
how deviation from normal distribution. Correlation between the
ean values of ADC, CRP, WBC  and IAM dimension were analyzed
sing Pearson’s correlation analysis. Within each treatment period,
hanges in CRP, ADC values, WBC  counts were tested using repeated
easures ANOVA with Greenhouse Geisser correction. Post hoc
omparisons between ﬁrst and each point in control time were per-
ormed by Student’s t-test followed by Bonferroni adjustment of all
robability values on the basis of the number of comparisons made
n each period. A p value of less than 0.05 was considered to indicate
 statistically signiﬁcant difference.
. Results
The patient ﬂow diagram is shown at Fig. 1. The mean follow-
p time was 9.23 (±6.07) months, ranging from 0.5 to 19 months.
our patients needed percutaneous abscess drainage at the time
f initial presentation. Four patients underwent interval appen-
ectomy after their third control MR  study, based on the decision
f the surgical team. DWI  ﬁndings of those patients showed com-w diagram.
plete resolution of IAM, both qualitatively and quantitatively. At
surgery, minimal or no adhesions were noted and simple appendec-
tomy was  performed in all patients. Histopathological examination
of these appendices revealed normal appendices with no inﬂam-
matory changes in three cases and minimal inﬂammatory changes
with no evidence of perforation in one patient (Fig. 2). Follow-up
of these four patients was  discontinued after surgery. One  patient
developed recurrent appendicitis and IAM at the sixth month and
was again placed on medical treatment, based on the patient’s will.
He was  asymptomatic with regression of the IAM revealed by DWI
two weeks after the second relapse and was still on follow-up at the
time of the writing of this manuscript. The remaining 13 patients
completely recovered both clinically and radiologically. They were
warned about the potential to develop a relapse in the future, and
in the case to apply emergency department as soon as possible.
There were eight patients who were over the age of 40 in our
study group and seven of them underwent colonoscopy at the
fourth week after the index presentation. One patient needed early
colonoscopy as the second week follow-up DWI  did not demon-
strate any sign of regression (e.g. diameter and ADC values). In this
patient, endoscopist detected a mass in the cecum which turned
out to be a colonic adenocarcinoma after the biopsy and the patient
underwent surgery three weeks after the initial presentation. The
remaining patients did not demonstrate any evidence of malig-
nancy on their elective fourth week colonoscopy exams.
Visual assessment of DWI  with b factors of either 500 or
1000 s/mm2 were sufﬁcient to detect RLQ masses against sup-
pressed background signal and they were easily discernible with
their hyperintense signal on DWI  and corresponding diffusion
restriction on ADC maps.
C-reactive protein, WBC, ADC values and IAM dimension were
the main parameters that we recorded on the follow-up. The inter-
val evolution of these parameters both at initial presentation and
on follow-up scans were presented in Table 2.
CRP, WBC  values and IAM dimensions exhibited strong inverse
signiﬁcant correlation with ADC values (CRP, r = −0.51, p < 0.001;
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Fig. 2. A 48-year-old male with acute right lower quadrant (RLQ) pain for 4 days. Clinical, laboratory and imaging ﬁndings suggested IAM. The patient underwent interval
appendectomy at the fourth week of follow-up.
(a)  CT at presentation shows a RLQ mass (IAM) bordered by cecum laterally, ileum anteriorly and gerota fascia posteriorly (arrow). (b, c) DWI  (b = 1000) and ADC map  at
presentation show restricted diffusion (arrow). (d, e) Four weeks after initial presentation, DWI  (b = 1000) and ADC map  reveal total recovery at the localization of previous
IAM,  both qualitatively and quantitatively. (f) Microscopy of appendectomy specimen shows no any inﬂammatory cells.
Table 2
Marker characteristics at presentation and during follow-up.
Marker Presentation (M ± SD)a (n = 19) First Control (M ± SD) (n = 19) Second Control (M ± SD) (n = 18)* Third Control (M ± SD)  (n = 18)
CRPb (mg/L) 9.36 ± 2.73 4.78 ± 0.95 3.76 ± 0.67 3.2 ± 0.49
WBCc count (per mL) 14832 ± 2844 9471 ± 1834 8225 ± 1022 8153 ± 1058
IAMdimd (cm2) 27.32 ± 10 11.52 ± 7.89 2.05 ± 3.20 0.46 ± 1.97
ADCe (x 10−3 mm2/s) 1.20 ± 0.23 1.65 ± 0.21 1.79 ± 0.46 2 ± 0.13
a Mean ± standart deviation.
b C-reactive protein.
c White blood cell count.
d Inﬂammatory appendiceal mass diameter.
e
W
(
iApparent diffusion coefﬁcient.
* One patient underwent surgery for cecal adenocarcinoma.BC, r = −0.64, p < 0.001; IAM dimension, r = −0.63, p < 0.001)
Fig. 3). The results of the ANOVA test indicated a signiﬁcant change
n the IAM dimension, ADC value, CRP value and WBC  value of 18patients during follow-up. For each parameter, mean difference at
presentation and follow-up was  found to be statistically signiﬁcant
(p < 0.01).
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. Discussion
Solely based on clinical ﬁndings, the diagnosis of IAM may  be
hallenging and imaging is almost always needed for the diagno-
is. CT is the most commonly utilized imaging modality in both
he diagnosis of appendicitis as well as its complications [20–24].
he extent and anatomic relationships of IAM is well-depicted with
T which also helps the selection of the appropriate treatment
pproach [2,25]. In the present study, CT clearly demonstrated a
LQ mass in 19 patients, thought to be an IAM, that was also com-
atible with a clinical history of pain starting in the last few days.
Based on the surgical literature, the conventional management
f acute appendicitis without IAM is immediate surgery, while
he management of acute appendicitis with IAM is controver-
ial. Immediate surgery, interval appendectomy after 6–12 weeks
f conservative medical therapy (Ochsner method) and complete
onservative therapy without surgery were all reported as viable
reatment options [26,27].lues, (b) WBC  and ADC values, (c) IAMdim and ADC values.
Despite the fact that while immediate surgery was advocated as
a treatment approach, the operative morbidity of patients with IAM
is more than three times higher than emergency surgery in non-
complicated appendicitis. Emergency surgery in IAM cases may
necessitate the extending of the surgical resection ﬁeld and may
lead to ileocecal resection and right-sided hemicolectomy. It should
also be kept in mind that cecal malignancies may  mimic IAM, both,
clinically and radiologically [28,29]. Conservative management,
with or without interval appendectomy, was reported to have less
morbidity, shorter hospital stay, lower rates of wound infection.
Ileus and reoperation rates are also less common compared to
immediate surgery [28,29]. The need for interval appendectomy
after successful conservative treatment has recently been ques-
tioned as the risk of reccurent appendiceal inﬂammation may  be
low [1,2]. However, it also be noted that there also other research
results that advocate the use of early appendectomy in these
patients. In these reports, the authors proposed that the post-
ponement of emergency surgery in these cases may delay the
early diagnosis and intervention for other diseases mimicking IAM
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uch as Crohn’s disease and cecal cancer [26,28,29]. Despite these
ounter arguments, the majority of the surgical community appear
o prefer Ochsner method in the treatment of these patients [20].
In the modern medical practice, imaging is widely used in the
iagnosis of acute appendicitis and, with the use widespread use
f modern imaging technology, the false positive appendectomy
ates have signiﬁcantly decreased [10,11]. With this increasing
se of imaging, the alternative diagnosis which may  mimic  AA
ay  be diagnosed with high success rates. In patients placed on
onservative medical treatment rather than immediate surgery,
maging plays a fundamental role in the follow-up. Conventionally,
T and US are the most commonly used modalities for this pur-
ose. However, both US and CT has their own disadvantages. US
s highly operator dependent and may  be less sensitive, especially,
n patients with large body habitus. Bowel distension is another
imiting factor in US, obscuring the underlying posteriorly located
athologies. CT is an excellent tool for abdominal imaging which
an be quickly done in a matter of seconds and is also widely avail-
ble. However, the main disadvantage of the use of repeat CT scans
s the overall radiation dose accumulation, especially in the pedi-
tric age group and the young adults. The cumulative IV contrast
oad may  also be problematic who are allergic or have low renal
eserves.
Magnetic resonance imaging may  be a perfect ﬁt in these age
roups with its lack of radiation and excellent soft tissue resolu-, (b) ADC mean, (c) CRP mean, (d) WBC  mean.
tion. Unfortunately, MRI  also has its own  disadvantages such as
longer imaging time, lack of local expertise and other logistical chal-
lenges. The use of DWI  as the only imaging sequence for follow-up
of these patients may  signiﬁcantly help to overcome some of the
limitations of MRI. DWI  is a very quick imaging sequence which
also keeps the patients away from the cumulative radiation and
contrast burden. DWI  provides qualitative and quantitative infor-
mation at the cellular level and is considered to be a form of
functional imaging applications [30–33], but some morphologi-
cal information may  also be acquired. Conventionally, DWI  was
most commonly used in neuroimaging applications but with the
recent advances in MRI  technology body applications are becom-
ing more common. Restricted diffusion is commonly observed in
case of high cellularity within the lesion (e.g. tumors, abscesses,
ﬁbrosis and cytotoxic edema). DWI  is sensitive to the microenvi-
ronmental changes in tumors at the molecular level that result from
treatment and, thus, may predict tumor response to treatment [32].
In the same regard, DWI  may  also be used for treatment response
of infectious-inﬂammatory processes.
In the present study, we evaluated DWI  as an imaging tool to
assess the changes of IAM, both qualitatively and quantitatively,
during follow-up. We  evaluated the relationship between ADC val-
ues of IAM and correlated the imaging data with the laboratory
results (CRP and WBC). We  also used the morhological informa-
tion, provided by the DWI, for the size assessment of the IAMs.
O. Özdemir et al. / European Journal of R
Fig. 5. A 54-year-old male with right lower quadrant (RLQ) pain for last 5 days.
Clinical, laboratory and imaging ﬁndings were suggestive of IAM at presentation.
Although there was relief of pain and improvement of laboratory tests following
two  weeks antibiotik therapy, on control DWI  there was  not any change of the RLQ
mass (not shown in the ﬁgure). Colonoscopy performed at second week of follow-up
showed a cecal mass. Surgery revealed cecal adenocancer with appendiceal muco-
cele.
(
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Ca)  CT at presentation shows a complex RLQ inﬂammatory mass (arrows). (b, c)
WI  (b = 500) and ADC map  at presentation show restricted diffusion of the mass
arrows).
e found statistically signiﬁcant correlation between the ADC val-
es and the laboratory parameters. We  observed that, as the ADC
alues increase (suggests decreased cellularity within the IAMs)
here was normalization of the serum inﬂammatory markers (i.e.,
RP and WBC) and decrease of IAM diameter (Fig. 4). A statisticallyadiology Open 3 (2016) 207–215 213
signiﬁcant correlation was  noticed between the increase in ADC
values and the regression in lesion size and the serum CRP levels
(p < 0.001). These data may  indicate that the utilization of DWI  may
allow to monitorize the clinical response to conservative therapy
by providing both qualitative and quantitative information.
In the present study 4 patients underwent interval appen-
dectomy (21%) while 14 (73%) were followed-up with complete
conservative approach. All of interval appendectomies were elec-
tive by the decision of the surgeons rather than acute relapse
of appendicitis. Simple appendectomy could be achieved in all
patients without any aggressive adhesions that might enlarge
the surgical extent and increase complications related to surgery.
Pathological specimens of appendectomies revealed minimal or no
inﬂammatory cells. Last control DWI  of these four patients showed
complete resolution of RLQ mass with ADC values ranging from 1.78
to 2.18. These facts point out that DWI  with its capability to show
inﬂammation may  help in appropriate timing for the safest interval
appendectomy. We suggest that further studies with higher num-
ber of patients are needed to disclose the role of DWI  that may  show
whether a cut-off ADC value could be obtained for most appropri-
ate timing regarding interval appendectomy. In one patient thought
to have IAM, colonoscopy was  decided following ﬁrst control DWI
because of persistent ﬁndings of mass on DWI  with no change of
ADC values despite improvement of clinical and laboratory ﬁnd-
ings. Colonoscopy revealed a complicated cecal adenocarcinoma
with appendiceal mucocele (Fig. 5). None of our patient underwent
immediate surgery. One patient had developed acute relapse of IAM
at the sixth month of follow-up with sudden right lower quad-
rant pain (Fig. 6). The patient underwent DWI  that revealed IAM
with diffusion restriction. Since the patient was  stable and there
was no accompanying abscess, surgeons decided to start conser-
vative therapy with intravenous antibiotics again. In this patient,
DWI  could give satisfactory information regarding clinical and lab-
oratory ﬁndings without need of any other imaging modality. It is
also a remarkable point that DWI  may  especialy avoid an additional
contrast-enhanced CT scan that might be needed in follow-up. As
shown in this case, DWI  may  be an efﬁcient imaging modality for
evaluation of acute relapses of IAM, but this point must be investi-
gated with further studies.
The present study has several limitations. We  enrolled limited
number of patients into this study which may  decrease the accuracy
of our ﬁndings. Larger patient groups with longer follow-up periods
may  be enrolled into future studies, based on the information pro-
vided in this study, for better statistical assessment. An important
limitation of this study is, so far we  have not found a patient with
inﬂammatory bowel disease, that was one of the major concerns
as pointed out at the beginning of the paper. But it should be kept
in mind that, this study is preliminary and with expanded stud-
ies, DWI  may  have a role in differential diagnosis during follow-up
of suggested IAM. We  also did not include other MRI  sequences
that provide morphological information which could have better
identiﬁed the lesion borders, especially with the use of IV contrast.
However, this inclusion of other MRI  sequences would go against
our aim in this study as we  tried to implement the quickest MRI
method without the use of IV contrast media.
As for ﬁnal words, we  think that DWI  may  be used with a sig-
niﬁcant success for the follow-up of patients with IAM, who were
placed on medical management rather than emergency surgery.
Its use may  be even more beneﬁcial in patients over the age of
40, where the risk of malignancy is increased and malignancy may
mimic  acute appendicitis associated IAM. The lack of radiation in
MRI  follow-up may  be especially useful in the pediatric age group.
As DWI  does not need IV contrast, its beneﬁts may  be more accen-
tuated in patients with renal impairment.
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Fig. 6. A 37-year-old female with right lower quadrant (RLQ) pain for last 3 days. Clinical, laboratory and imaging ﬁndings were suggestive of IAM at presentation. At the
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eferences
[1] P.J. Willemsen, et al., The need for interval appendectomy after resolution of
an  appendiceal mass questioned, Dig. Surg. 19 (2002) 216–221.
[2] J. Tannoury, B. Abboud, Treatment options of inﬂammatory appendiceal
masses in adults, World J. Gastroenterol. 19 (2013) 3942–3950.
[3] O.J. McAnena, O. Austin, et al., Laparascopic versus open appendicectomy: a
prospective evaluation, Br. J. Surg. 79 (1992) 818–820.
[4] H.A. Swank, E.J. Eshuis, M.I. van Berge Henegouwen, W.A. Bemelman, Short-
and long-term results of open versus laparoscopic appendectomy, World J.
Surg. 35 (2011) 1221–1226.
[5] J.S. Lane, P.J. Schmit, C.F. Chandler, et al., Ileocecectomy is deﬁnitive treatment
for advanced appendicitis, Am.  Surg. 67 (2001) 1117–1122.
[6] J.E. Thompson Jr., R.S. Bennion, P.J. Schmit, D.T. Hiyama, Cecectomy for
complicated appendicitis, J. Am.  Coll. Surg. 179 (1994) 135–138.
[7] S.D. Bixby, B.C. Lucey, J.A. Soto, et al., Perforated versus nonperforated acute
appendicitis: accuracy of multidetector CT detection, Radiology 241 (2006)
780–786.
[8] F.T. Drake, M.G. Florence, M.G. Johnson, et al., Progress in the diagnosis of
appendicitis: a report from Washington state’s surgical care and outcomes
assessment program, Ann. Surg. 256 (2012) 586–594.
[9] D.J. Humes, J. Simpson, Acute appendicitis, Br. Med. J. 333 (2006) 530–534.
10] J.B. Puylaert, Ultrasound of the acute abdomen: gastrointestinal conditions,
Radiol. Clin. North Am.  41 (2003) 1227–1242.
11] A.S. Doria, R. Moineddin, C.J. Kellenberger, et al., US or CT for diagnosis of
appendicitis in children and adults? A metaanalysis, Radiology 241 (2006)
83–94.
12] C.D. Levine, O. Aizenstein, R.H. Wachsberg, Pitfalls in the CT diagnosis of
appendicitis, Br. J. Radiol. 77 (2004) 792–799.
[endicitis. Imaging ﬁndings were compatible with IAM.
resenation (arrows). (c, d) Control DWI  and ADC map show complete regression of
ecurrence of IAM depicted on DWI  and ADC map  (arrows).
13] K. Kim, Y.H. Kim, S.Y. im, et al., Low dose abdominal CT for evaluating
suspected appendicitis, N. Engl. J. Med. 366 (2012) 1596–1605.
14] W.A. Moore, G. Khatri, A.J. Madhuranthakam, R.D. Sims, I. Pedrosa, Added
value of diffusion-weighted acquisitions in MRI  of the abdomen and pelvis,
AJR Am.  J. Roentgenol. 202 (2014) 995–1006.
15] D.M. Koh, D.J. Collins, Diffusion-weighted MRI  in body: application and
challenges in oncology, AJR Am.  J. Roentgenol. 188 (2007) 1622–1635.
16] S.B. Rathod, S.S. Kumbhar, A. Nanivadekar, K. Aman, Role of
diffusion-weighted MRI  in acute pyelonephritis: a prospective study, Acta
Radiol. 56 (2015) 244–249.
17] J. Stoker, A. van Randen, W.  Laméris, M.A. Boermeester, Imaging patients with
acute abdominal pain, Radiology 253 (2009) 31–46.
18] M.  Bruegel, J. Gaa, S. Waldt, et al., Diagnosis of hepatic metastasis: comparison
of  respiration-triggered diffusion-weighted echo-planar MRI  and ﬁve
T2-weighted turbo spin-echo sequences, AJR Am.  J. Roentgenol. 191 (2008)
1421–1429.
19] M.  Sumi, M.  Van Cauteren, T. Nakamura, MR microimaging of benign and
malignant nodes in the neck, AJR Am. J. Roentgenol. 186 (2006) 749–757.
20] M.  Martin, J. Lubrano, A. Azizi, et al., Inﬂammatory Appendix mass in patients
with acute appendicitis: CT diagnosis and clinical relevance, Emerg. Radiol. 22
(2015) 7–12.
21] N. Pinto Leite, J.M. Pereira, R. Cunha, et al., CT evaluation of appendicitis and
its  complications: imaging techniques and key diagnostic ﬁndings, AJR Am.  J.
Roentgenol. 185 (2005) 406–417.
22] M.M.  Horrow, D.S. White, J.C. Horrow, Differentiation of perforated from
nonperforated appendicitis at CT, Radiology 227 (2003) 46–51.
23] T.A. Foley, M.A. Ft Earnest Nathan, et al., Differentiation of nonperforated from
perforated appendicitis: accuracy of CT diagnosis and relationship of CT
ﬁndings to length of hospital stay, Radiology 235 (2005) 89–96.
al of R
[
[
[
[
[
[
[
[
applications, Magn. Reson. Imaging Clin. N. Am. 19 (2011) 111–131.O. Özdemir et al. / European Journ
24] K. Tsukada, T. Miyazaki, H. Katoh, et al., CT is useful for identifying patients
with complicated appendicitis, Dig. Liver Dis. 36 (2004) 195–198.
25] Mi  Sung Kim, Hae Won  Park, Ji Yeon Park, et al., Differentiation of early
perforated from nonperforated appendicitis: MDCT ﬁndings, MDCT diagnostic
performance, and clinical outcome, Abdom. Imaging 39 (2014) 459–466.
26] Abdul-Wahed N. Meshikhes, Management of appendiceal mass: controversial
issues revisited, J. Gastrointest. Surg. 12 (2008) 767–775.27] L. Corﬁeld, Interval appendectomy after appendiceal mass or abscess in
adults: what i best practice, Surg. Today. 37 (2007) 1–4.
28] R.E. Andersson, M.G. Petzold, Nonsurgical treatment of appendiceal abscess or
phlegmon: a systemic review and meta-analysis, Ann. Surg. 246 (2007)
741–748.
[
[adiology Open 3 (2016) 207–215 215
29] B. Tingstedt, E. Bexe-Lindskog, et al., Management of appendiceal masses, Eur.
J.  Surg. 168 (2002) 579–582.
30] D.M. Koh, D.J. Collins, Diffusion-weighted MRI in the body: applications and
challenges in oncology, AJR Am. J. Roentgenol. 188 (2007) 1622–1635.
31] L.K. Bittencourt, C. Matos, A.C. Coutinho, Diffusion-weighted magnetic
resonance imaging in the upper abdomen: technical issues and clinical32] P.G. Kele, E.J. van der Jagt, Diffusion weighted imaging in the liver, World J.
Gastroenterol. 16 (2010) 1567–1576.
33] E. Inci, O. Kilic¸ kesmez, et al., Utility of dffusion-weighted imaging in the
diagnosis of acute appendicitis, Eur. Radiol. 21 (2011) 768–775.
